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Description 

This invention relates to a nnethod for generating a 
representation of an image, in particular wtiere the input 
image is scanned from a film. 

When an image is captured on film with nomnal ex- 
posure there will be a difference in appearance between 
the actual scene and the image, caused by the charac- 
teristic response of film. The effect of this is generally an 
expansion of detail in the midtcnes and compression of 
detail in highlight and lowlight regions. For a normally ex- 
posed scene the distortion is nol large and in most cases 
it will be considered a reasonable reproductbn. However 
for images with high lowlight and highlight content, the 
distortion becomes obvious and requires correction. 
Similarly an incorrectly exposed image will suffer distor- 
tion which needs to be corrected. 

US-A-4849775 describes colour correction for a 
thern^l printing system in which image data from a 
source, including from a document scanner, is corrected 
by deriving a correction cun/e. This is derived from the 
relationship between the gradations of the image data 
and optical density values from a grey scale chart The 
derived cun^e is such that the optical density values and 
corrected gradations are linearly related. 

US-A-4866513 ^escribes deriving a gamrria value 
to correct RGB signals from the average, maximum and 
minimum values of each colour signal within a single 
frame according to the characteristic values detected. 

Rundfunlctechnische Mitteilungen. Vol. 26, No 1, pp. 
1 -9, describes electronic adaptation of parameters for 
applying film in television including correction of transfer 
characteristic. 

In accordance with the present invention a method 
of generating a representation of an image comprises 
scanning a film carrying an image to which the film has 
been exposed, and wherein during exposure the appear- 
ance of the image has been modified in accordance with 
a characteristic function of the film; obtaining signals rep- 
resenting the colour component content of the Image re- 
corded on the film; modifying the signals with a f unctton 
constituting the inverse of the characteristic function of 
the film to produce a compensated image; and subse- 
quently applying a cRcJsen film characteristic function to 
the compensated image. 

The application of an inverse film characteristic f unc* 
tion to the image removes the effects of the film so that 
a more accurate representation of the original image Is 
obtained. It is a simpler method than has previously been 
used, yet provides more exact compensation. This meth- 
od is equally applicable to scanning colour and 
monocrome films. In the case of a colour film character- 
istic functions exists for each colour which may differ 
from each other, but in combinatbn produce a charac- 
teristic lunction ol the film. 

In accordance with a second aspect of the present 
invention, apparatus for generating a representation of 
an image comprises scanning means to scan a film car- 



2 

rylng an image to obtain signals representing the colour 
component content of the image recorded on the film; 
modifying means to modify the signals with a function 
constituting the inverse of a film characteristic function 
5 to produce a compensated image; and means for sub- 
sequently applying a chosen film characteristic function 
to the compensated image. 

Preferably the modifying means comprise a log am- 
plifier and the signals are converted to density signals. 
10 An example of a method of generating a represen- 
tation of an image in accordance with the present inven- 
tion will now be descn'bed with reference to the accom- 
panying drawings in which: 

IS Figure 1 shows a density/exposure graph for a typ- 
ical daylight colour film; 

Figure 2 is a graph showing the relationship of the 
density of the exposed film to the exposure of the 
'20 original scene; 

Figure 3 shows a block diagram of the apparatus 
used in compensating the scanned image; 

25 Figure 4 shows graphically the effect of applying an 
inverse characteristic function; and 

Figure 5 is a graph relating density of the film after 
characteristic correction to exposure. 

30 

When an image is read into an electronic scanning 
system, two points are chosen within the image that rep- 
resent the reference white and black points. These are 
termed, enter white - EW and enter black - EB. These 

^ values are used to define the range of densities over 
whk:h the informatk)n of interest is distributed. The rea- 
sons for this representatk)n are firstly It is not always pos- 
sible to refererKe the zero of the density axis to be the 
value of the EW point This arises from being required to 

40 calibrate the measuring device initially with no film being 
present. When the film is introduced, the density of the 
substrate must be taken into account, resulting in an cAt- 
set for the E W from the calibrated zero density. Secondly 
the dynamic range for various film categories may vary. 

45 This results in different separations for the EW and EB 
values for different film categories. Films may undergo 
different changes of density range In mid-tone and tail 
regkxis. If it is a common film, it results in an expansion 
of mkj-tones and compressk>n of highlight and lowlight 

so details. 

The mkJtone region undergoes an expanskxi of den- 
sity range while the lowlight and highlight regions are 
compressed. The Enter White and Enter Black points are 
the white and dark points in an image. These represent 
55 the range of exposure for a normal scene. Joining the 
EW and EB points (Figure 1) is a dashed line represent- 
ing the film characteristic seen by scanners where no ac- 
count of the shape of the film characteristic is made. The 
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difference between the dashed line and the film charac- 
teristic cun/e is the distoition observed in an image when 
compared to the original scene. 

Where the image is incorrectly exposed there will be 
greater distortion effects. This is shown in Figure 2 where 
the exposure is varied in one stop steps either side of 
normal exposure. It can be seen that although the origi- 
nal scene exposures have equal increments and range, 
their respective film densities are irregular. Large distor- 
tions are introduced in the lowlight regions for under ex- 
posed images and similar distortions in the highlight re- 
gions of over exposed images. If the exposure is too ex- 
treme, density levels will merge with the extremes of the 
curve, and will not be recoverable subsequently. The 
dashed line indicates an example of this where some 
lowlight values are merged and information content lost 
The effect of this is that there are problems in recovering 
information from images which are either incorrectly ex- 
posed or which contain important information near the 
EW andEB points. 

To compensate for these problems a system as 
shown in Figure 3 is used to apply an inverse character- 
istic to produce a linear output corresponding to the den- 
sity profile of the original scene. A light source 1 illumi- 
nates a film transparency 2 carrying an inr^age to enable 
a scanning system 3 of conventional form to scan the 
image on the transparency 2. The colour component 
content of the innage is divided into red green and blue 
signals 4,5,6 by the scanning system 3 which are input 
to a log amplifier 7. The log amplifier 7 converts the sig- 
nals from the imaging system 3 Into density signals. The 
red, green and blue density signals address respective 
look-up tables 11 ,10,6 which store the inverse film char- 
acteristic function for each colour. Modified values rep- 
resenting compensated image are output 9 from the 
look-up table. 

It can be seen from Figure 4 that the original scene 
is substantially unaffected as a result of the film charac- 
teristk: function because it has been compensated by the 
inverse film characteristk; function. In Figure 5 the graph 
shows the effect of straightening the characteristic of the 
curve to a 45° line is to keep the input range and output 
range the same for all , different exposures. 

Generally the method described substantially com- 
pensates for the effect of the film characteristic function, 
but in some cases where image tnfornnation Is at the ex- 
tremes of the characteristic function (eg Figure 4) com- 
plete compensatkxi is not achieved. In this Figure the 
extremes, which are flat, correspond to the film becom- 
ing completely clear at the highlight end and receiving 
less light than required to activate the film at the k>wli^t 
end. 

If the EW and/or EB points fall within the flattened 
regbns, any density variation within the original scene 
woukJ be recorded with the same density. It is not possi- 
ble to recover the information subsequently that was in 
the original scene from these areas and there will there- 
fore be some distortion. 



Once the effect of the film characteristic is rennoved, 
it is possible to apply any chosen film characteristic by 
application of a new film characteristic function to the 
compensated output By adding an offset to the values 

s any exposure may be introduced. Most films within a 
characteristc set have very similar characteristic func- 
tions. The curves in the preceding Figures are typical of 
all daylig'ht colour films. Each of the three colour chan- 
nels, red, green and blue have their own characteristk; 

10 cun^e. Due to variatk)ns in the film from each batch pro- 
duced, it is only possible to produce an average for these 
cun/es. The data for the shape of these cun/es is nor- 
mally published by film manufactures, but may also be 
detemiined by performing some controlled exposure 

IS tests. 

A characteristic set for example, is a set of films that 
have *film characteristk^s* that are very similar. This oc- 
curs because films from differentmanufacturers use sim- 
ilar technology and also try to make specific films such 
20 that their responses are predictable under similar cir- 
cumstances. 



Claims 

25 

1. A method of generating a representatkxi of an 
image, the method comprising scanning a film (2) 
carrying an image to whbh the film has been 
exposed, and wherein during exposure the appear- 

30 ance of the image has been modified in accordance 
with a characteristk; function of the film; obtaining 
signals (4,5,6) representing the cobur component 
content of the image recorded on the film; modifying 
the signals with a function (11, 10,8) constituting the 

35 inverse of the characteristk: furx;tkxi of the film to 
produce a compensated inr^ge; and subsequently 
applying a chosen film characteristk; function to the 
compensated image. 

^0 2. A method according to claim 1 . wherein the scanned 
film (2) is a cotour film. 

3. Apparatus for generating a representation of an 
image (2) comprising scanning means (3) to scan a 

45 film (2) carrying an image to obtain signals (4,5,6) 
representing the cotour component content of the 
image recorded on the film; modifying means (7) to 
modify the signals with a functkxi(1 1 ,10.8) constitut- 
ing the inverse of a film characteristic f unctton to pro- 

so duce a compensated image; and means for. subse- 
quently applying a chosen film characteristic func- 
tkxi to the compensated image. 

4. Apparatus according to claim 3 wherein the modify- 
ss ing means comprise a \og amplifier (7) and wherein 

the signals are converted to density signals. 
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PatentansprGche 

1. Verfahren zum Erzeugen einer Bilddarstellung, bei 
dem ein Film (2) abgetastet wird. der ein durch 
Belichtung des Films entotandenes Btid tragt. und s 
mit dem wahrerxJ der Belichtung das Aussehen des 
Bildes entsprechend einer charakteristischen Funk- 
tion des Films nrxxtifiziert worden ist, bei dem den 
Farbkomponenteninhalt des Filmbikles darstel- 
lende Signale (4, 5. 6) erzeugt warden, die Signate io 
mit einer Funklion (11. 10. 8) nxxJifiziert werden, 
welche tnvers zur charakteristischen Funkticxi des 
Films sind, urn ein kom-pensiertes Bild zu erzeugen. 
und bei dem anchlie3end das kompensrerte Bild 
entsprechend etner gewahlten filmcharakte-risti- 
schen Funktion verandert wird. 



d'une image (2), comportant des moyens de 
balayage (3) pour balayer un film (2) portant une 
image en vue d'obtenir des signaux (4. 5. 6) reprd- 
sentant le contenu en connposantes de couleurs de 
rimage enregistrde sur le film; das nDoyens de modi- 
fication (7) pour modifier les signaux par une fonc* 
tk>n (11, 10, 6) consthuant Tinverse d'une fonctk)n 
caractSristique du film pour produire une image 
compensde; et des moyens pour appliquer ensuite 
k I'image compensde une fonction caractdristique 
de film chotsie. 

4. Appareil sekxi la revendication 3. dans lequel les 
moyens de mcxJification component un amplifica- 
teur k>garithmique (7). et dans lequel les signaux 
sont convertts en signaux de densrtd. 



2. Verfahren nach Anspruch 1, bei dem der abgeta- 
stete Film (2) ein Farbfilm ist. 

20 

3. Vorrchtung zum Erzeugen einer BikJdarstellung (2) 
mit Abtastmitteln (3) zum Abtasten eines Filmes (2). 
der ein Bild aufweist. urn den Farbkomponentenin- 
halt des auf dem Film auf gezeichneten Bildes dar- 
stellende Signale (4. 5. 6) zu erzeugen, mit Modifi- 25 
ziermrttein (7) zum Modifizieren der Signale mit 
einer Funktion (11, 10. 8). die invers zu einer film- 
charakteristischen Funktion ist. um ein kompenaier- 

tes Bitel zu erzeugen, und mit Mitteln zum anschlie- 
Benden Einwirken auf das kompensierte Bild mit 30 
einer gewahlten filmcharakleristischen Funktion. 

4. Vorrichtung nach Anspruch 3. bei der die Modifi-zier- 
mittal einen k>ganthmischen Verstarker (7) aufwei- 
sen, und bei dem die Signale in Dichtesignale umge- 3S 
wandelt werden. 



Revendlcatlone 

40 

1. Procddd pour la restitution d*une representation 
d'une image, le proc^dd comportant le balayage 
d'un film (2) portant une image avec laquelle le film 
a M expose, et dans lequel I'aspect de I'image a 
6t6 modifid au cours de I'exposition selon une fonc- 
tk>n caracteristique du film; Tobtention de signaux 
(4, 5, 6) reprdsentant le contenu en composantes 
de couleurs de Nmage enregistrde sur le film; la 
modification des signaux par une fonction (11, 10. 

8) constituant I'tnverse de la fonctbn caractdristique 50 
du film pour produire une image compensee; et 
ensuite I'applicatron k Timage compensde d'une 
fonction caractdristque de film choisie. 

2. Procddd selon la revendication 1 . dans lequel le film ss 
balaye (2) est un film couteur. 

3. Appareil pour la restitution d'une representation 
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Fig. 5. 
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